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PROBLEM
Grinding
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has large energy & low liberation

(QUESTION: Can you liberate valuable minerals from
heterogeneous iron and steel making slag by quenching?

CONCLUSION: YES! 40% liberation with a single quench. )
Interparticle grain size is the most important factor.

BACKGROUND
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SOLUTION CONCEPT: Quench hot, solid slag in water (AT~900-1200 K).
Isotropic thermal stress - grain boundary fractures > liberation without energy penalty
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Fracture Stresses of Slag Minerals
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Larger grains =
Easier fractures

o1
FeO

RESULTS

(numbers link to Methods)
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Thermal Stress Evolution with Fracturing Feedbacks )
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'Grinding Energy Reduction Across Slags‘ ® Sensitivity Analysis of Slag Properties on Quenching Effectiveness
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Single quench =~ 40% liberation
Key takeaways:

* Increase grain size

+ At conventional grain sizes:

Increase quench rate
Slag composition matters

Fracturing feedbacks are
significant
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Calculate fracture stress &

[ Determine if there is |
| energy f(mineral, type, size)]

sufficient energy

3  Analyze transient
temperature and stress field |
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[ Account for feedbacks |

from fracturing

[ calculate the grinding‘
energy reduction
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NOMENCLATURE: BET nanoscale surface roughness factor ( - ); cp specific heat capacity (J kg™ K''); E equilibrium tensile elastic modulus (Pa); fflaw radius (m); h convection coefficient (W m2 K-'); H ¥z slag
thickness (m); k thermal conductivity (W m™ K-'); kg Stefan-Boltzmann constant (W m2 K+); K stress intensity (Pa m'2); n number ( - ); renergy-limited fracture radius (m); R, Kapitza resistance (m? K W-'); ttime (s);
Y flaw shape factor ( - ); a thermal diffusivity (m2 s'); B volume expansion coefficient (K'); y surface energy (J m?2); & spall thickness (m); AT thermal shock (K); & emissivity ( - ); ¢ constant ( - ); v Poisson’s ratio ( - );

p density (kg m?3); o tensile stress (Pa); ¢ volume fraction ( -
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